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Giant Zeeman splitting of light holes in GaAs/AlGaAs quantum wells
M.V. Durnev, M.M. Glazov, E.L. Ivchenko
Ioffe Physical-Technical Institute, RAS, 194021 St.-Petersburg, Russia
We have developed a theory of the longitudinal g factor of light holes in semiconductor quantum
wells. It is shown that the absolute value of the light-hole g-factor can strongly exceed its value in
the bulk and, moreover, the dependence of the Zeeman splitting on magnetic field becomes non-
linear in relatively low fields. These effects are determined by the proximity of the ground light-
hole subband, lh1, to the first excited heavy-hole subband, hh2, in GaAs/AlGaAs-type structures.
The particular calculations are performed in the framework of Luttinger Hamiltonian taking into
account both the magnetic field-induced mixing of lh1 and hh2 states and the mixing of these
states at heterointerfaces, the latter caused by chemical bonds anisotropy. A theory of magneto-
induced reflection and transmission of light through the quantum wells for the light-hole-to-electron
absorption edge is also presented.
I. INTRODUCTION
The gyromagnetic ratio or g-factor determines the
splitting of spin sublevels in the external magnetic field
and it is one of the key parameters describing energy
spectrum of charge carriers in semiconductors. It is well
known that the electron and hole g-factors in bulk semi-
conductors differ considerably from the free electron g-
factor value [1]. This difference is caused by the spin-
orbit interaction and k · p mixing of the electron bands.
In quantum well (QW) structures the size quantization
leads to an additional strong renormalization of the g-
factor as shown, e.g., in Refs. [2, 3] for the conduction
band electrons (see also references cited in the book [4])
and in Refs. [5, 6] for heavy holes in the valence band.
As for the light hole g-factor in QW structures, the de-
tailed calculations were carried out only for the in-plane
components gxx = gyy (lateral or transversal Zeeman ef-
fect) [7]. The Zeeman effect on two-dimensional light hole
excitons in the magnetic field directed along the struc-
ture growth axis z was studied in Refs. [8–11]. However,
no microscopic calculations of the longitudinal g-factor
component gzz were carried out. The present theoreti-
cal work concerns the effect of quantum confinement on
the longitudinal hole g-factor in the lowest light-hole sub-
band lh1. It is shown below that this g-factor component
is determined to a great extent by the proximity of the
valence heavy-hole (hh2) and light hole (lh1) subbands
and their interface mixing.
Let us recall that, in zinc-blende lattice semiconduc-
tors, the Bloch states at the valence band top transform
according to four-dimensional spinor representation Γ8 of
the Td symmetry point group. Under symmetry opera-
tions, the corresponding basis functions transform sim-
ilarly to the spinor spherical harmonics Y(l)Jm with the
total angular momentum J = 3/2 and the orbital angu-
lar momentum l = 1 (m = −3/2,−1/2, 1/2, 3/2). The
Zeeman interaction of a bulk hole with the magnetic field
B is described by the 4×4 matrix operator [12]
H0 = −2µB[κ(J ·B) + q(J3xBx + J3yBy + J3zBz)] . (1)
Here we use the coordinate frame x||[100], y||[010],
z||[001], J = (Jx, Jy, Jz) is the vector composed of
the angular momentum J = 3/2 matrices, µB is Bohr
magneton, κ and q are the band structure parameters.
In what follows the small contribution proportional to
the constant q and responsible for the anisotropic Zee-
man splitting is disregarded [13]. The constant κ is
related to the dimensionless Luttinger parameters γi
(i = 1, 2, 3) [14, 15]. For instance, in GaAs crystals, κ =
1.2.
A uniaxial strain of the bulk crystal results in the split-
ting of the heavy- and light-hole Γ-point states, with
angular momentum projections ±3/2 and ±1/2 onto
the deformation axis. In accordance with Eq. (1) the
Zeeman splittings of these states amount to −6κµBB
and −2κµBB, respectively. Hence, the light holes are
described by an effective g-factor of geff = −2κ. In
GaAs/AlGaAs QW structures grown along [001] direc-
tion, the states of the heavy (hh) and light (lh) holes at
the Γ-point, i.e., the states with zero lateral wave vector,
are quantized independently and two series of quantum-
confined hole states are formed: hhν and lhν (ν = 1, 2...).
Here we will demonstrate that the g-factor of light holes
lh1 strongly differs from the above value −2κ, where
κ is averaged over the hole wave-function distribution
between QW and barrier layers. The origin of the gi-
ant renormalization of geff(lh1) is related to the fact
that, in GaAs/AlxGa1−xAs-type QWs, at the Γ point
the lh1 and hh2 subbands are very close in energy. These
subbands are intermixed owing to off-diagonal elements
H =
√
3~2γ3kˆz(kx − iky)/m0 and H∗ of the Luttinger
Hamiltonian [4], where m0 is the free electron mass, γ3 is
one of the Luttinger parameters, kˆz = −i∂/∂z, and kx, ky
are the components of the in-plane wave vector k‖. In-
deed, in a magnetic field applied along the z axis, the
vector k‖ acquires a contribution −(eA/c~) that is pro-
portional to the vector potential A of magnetic field B.
The allowance for this contribution results in the mixing
of the states lh1 and hh2. In the second order of the k ·p
perturbation theory we obtain for the effective light hole
g-factor:
geff(lh1) =
Elh1,1/2(Bz)− Elh1,−1/2(Bz)
µBBz
= (2)
2= −2κ + 12 ~
2
m0
∣∣∣〈hh2|γ3kˆz |lh1〉∣∣∣2
Ehh2 − Elh1 ,
where |lh1〉 and |hh2〉 are the hole wavefunctions describ-
ing their size quantization along z-axis, Elh1 andEhh2 are
the size-quantization energies of the states lh1 and hh2
in QWs at k‖ = 0 (in the hole representation the energies
Elh1, Ehh2 are positive). It is worth to note that, in con-
trast to the studied geometry B ‖ z, the magnetic field
applied in the QW plane can be described by the vector
potential A = (Byz,−Bxz, 0) linear in z. In this case,
the component H of Luttinger Hamiltonian is invariant
under the mirror reflection z → −z. Therefore, in sym-
metric wells the states lh1 and hh2 are not mixed by the
in-plane magnetic field and the resonant contribution to
the lateral g-factor is absent.
In the limiting case of the infinite barries one has
Elh1 =
~
2pi2
2m0a2
(γ1 + 2γ2) , Ehh2 =
4~2pi2
2m0a2
(γ1 − 2γ2) ,
where a is the well width, and the matrix element in
Eq. (2) is given by
〈hh2|γ3kˆz|lh1〉 = 8iγ3
3a
.
An analogous expression where κ is replaced by 3κ and
the second term is taken with the reversed sign describes
the effective g-factor of the heavy hole in the subband
hh2. The formula (2) can be easily extended for calcu-
lation of the g-factor in the heavy-hole hh1 subband in
hybrid deformed QWs studied recently in Ref. [16] where
the states lh1 and hh1 can be resonant. In this case,
the matrix element 〈hh1|γ3kˆz |lh1〉 is non-zero due to the
structure asymmetry as well as to an external electric
field applied along the growth axis.
Following Ref. [9] we introduce an effective mass of the
light hole lh1, which, in the resonant approximation of
the k · p perturbation theory, can be presented as
m0
mlh1
= γ1 − γ2 + 6 ~
2
m0
∣∣∣〈hh2|γ3kˆz|lh1〉∣∣∣2
Elh1 − Ehh2 . (3)
Comparing Eqs. (2) and (3), we obtain the relation be-
tween the g-factor and the effective mass
geff(lh1) = 2
(
−κ + γ1 − γ2 − m0
mlh1
)
.
This expression differs from the analogous relation, see
Eq. (6) in Ref. [9], by the sign of κ.
It follows from Eq. (2) that, for the infinite barriers,
the dependence of the g-factor on the QW width vanishes
and is given by
geff(lh1) = −2κ − 512
3pi2
γ23
10γ2 − 3γ1 ≈ −26 . (4)
The estimate is valid in the spherical approximation
where γ2 = γ3 = γ¯ (see Table I for the parameter val-
ues). Thus, indeed, the proximity of the ground light
and excited heavy hole subbands results in a giant en-
hancement of the light-hole Zeeman splitting. A similar
enhancement effect for the k-linear spin-dependent terms
in the light hole Hamiltonian was predicted by Rashba
and Sherman [17].
It is instructive to analyze the effect of all heavy hole
subbands on the light-hole g-factor enhancement. In the
limit of infinite barriers the summation over all even sub-
bands can be carried out analytically with the result
geff(lh1) = (5)
−2κ − 12γ
2
3(ν + 1)
γ1(ν − 1)
[
1 +
4
√
ν
ν − 1
cot pi2
√
ν
pi
]
≈ −24.7,
where ν = (γ1 + 2γ2)/(γ1 − 2γ2).
To conclude the introduction, we would like to point
out that in real systems the absolute values and even the
sign of effective g-factor may be extremely sensitive to
the barrier height and QW width. Moreover, for large
magnitudes of |geff |, the Zeeman splitting becomes non-
linear function of the field, even in moderate magnetic
fields. These effects are also addressed below.
II. ALLOWANCE FOR THE INTERFACE
HEAVY-LIGHT-HOLE MIXING
Low C2v point symmetry of the ideal (001) interface
allows for the light-heavy hole mixing even at k‖ =
0 [18, 19]. In the well with symmetric interfaces the cor-
responding contribution to the effective Hamiltonian can
be written as [4, 18–20]
Hl−h = ± tl-h~
2
√
3m0a0
{JxJy} δ(z − zi) , (6)
where a0 is the lattice constant, tl−h is the dimension-
less mixing parameter of the order of unity, {JxJy} =
(JxJy+JyJx)/2 is the symmetrized product of the angu-
lar momentum operators, zi are the coordinates of inter-
faces. Hereafter we consider only the lh1 and hh2 hole
states, assuming that the energy gap between them as
well as their Zeeman splittings much smaller than the
energy distance to other quantized energy states.
Figure 1() shows the results of calculation of the heavy
(hh2) and light (lh1) hole energy dependence on the
GaAs/ Al0.3Ga0.7As QW width. The parameters used
in calculation are summarized in Table I. In the applied
spherical model, the values of γ2 and γ3 are replaced by
the average γ¯ = (2γ2 + 3γ3)/5. Solid lines represent the
energies calculated disregarding the interface mixing, i.e.,
at tl-h = 0 in which case the lh1 and hh2 energy branches
cross each other at the well width acr ≈ 70 A˚. Dashed
lines show the calculation performed including the in-
terface mixing effect (with tl-h = 0.5) which results in
3anticrossing of the lh1 and hh2 subbands and formation
of the hybrid states
Ψ+±1/2 = C
+
l |lh1,±1/2〉 ± C+h |hh2,∓3/2〉 , (7)
Ψ−±1/2 = C
−
l |lh1,±1/2〉 ± C−h |hh2,∓3/2〉 .
Here the complex coefficients C−h , C
−
l and C
+
h , C
+
l are
interrelated by the ortogonality condition, in particular,
|C+l |2 = |C−h |2 and |C−l |2 = |C+h |2; the superscript “+”
or “−” in Ψ±±1/2 denotes the upper and lower states with
energies E+ > E−, respectively; the subscript ±1/2 enu-
merates degenerate states, it coincides with the projec-
tion of the angular momentum of the light-hole state ad-
mixed to Ψ+±1/2 or Ψ
−
±1/2. The energies E
± of mixed
states and the coefficients in (7) are determined in accor-
dance with the procedure developed in [20].
At the Γ point, the hh2 → e1 optical transitions are
forbidden and lh1 → e1 transitions are allowed. It is
therefore convenient to define g-factors of the Ψ+±1/2 and
Ψ−±1/2 states as follows
g±eff =
E±1/2(Bz)− E±−1/2(Bz)
µBBz
. (8)
The g-factors defined in such a way are given by
g
(+)
eff = −2κ(|C+l |2 − 3|C+h |2)−∆geff , (9)
g
(−)
eff = −2κ(|C−l |2 − 3|C−h |2) + ∆geff ,
where ±∆geff are the contributions to the Zeeman ef-
fect due to the magnetic field induced mixing of the split
states Ψ+±1/2 and Ψ
−
±1/2 with
∆geff = 12
~
2
m0
∣∣∣〈hh2|γ3kˆz|lh1〉∣∣∣2
E+ − E− . (10)
This formula differs from the corresponding contribu-
tion in Eq. (2) by the replacement of the denomina-
tor Ehh2 − Elh1 by E+ − E−, if Ehh2 < Elh1, and by
−(E+ − E−), if Ehh2 < Elh1. Hence, far from the anti-
crossing point acr, Eq. (9) for g
(−)
eff at a < acr and that
for g
(+)
eff at a > acr transform into Eq. (2). We note
that the allowance for the penetration of hole wavefunc-
tions into barriers results in a more complicated expres-
sion for the first term in the right-hand side of Eq. (9)
representing the “bulk” contribution to the Zeeman ef-
fect. The estimations however show that this difference
is negligible. The negative sign in front of 3|C+h |2 and
3|C−h |2 takes into account the state |lh1,±1/2〉 mixes
with |hh2,∓3/2〉. The interface mixing leads to an exis-
tence of gap between the energies E+ and E− indepen-
dently of the width of the structure and finite g-factor
values, even within the second order of perturbation the-
ory. Therefore, the allowance for the interface mixing
effects in the hybrid deformed structures [16] should lead
to finite values of g-factors of the heavy and light holes
for any value of the electric field.
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FIG. 1. (a) Heavy (hh2) and light (lh1) hole energy as a
function of the GaAs/Al0.3Ga0.7As QW width calculated for
the two values of the interface mixing parameter: tl-h = 0
(solid lines) and tl-h = 0.5 (dash lines). Inset shows energy
dispersion of the hole subbands for the well width a = 80 A˚.
(b) The g-factors g
(±)
eff of the split energy states E
+ and E−
as functions of QW width for three compositions x and the
mixing parameter tl-h = 0.5. Vertical arrows indicate values
of the anticrossing points acr for each x.
Figure 1(b) demonstrates the calculated values of g
(+)
eff
and g
(−)
eff as functions of GaAs/AlxGa1−xAs QW width
for different contents x of Al in the barriers. It is clear
that the magnetic-field induced light-heavy hole mixing
results in a strong increase of the absolute value of g-
factor as compared to the bulk material. One can also
see that the absolute values of g-factor increase with in-
creasing x which is a consequence of the rising barrier
height. In wide wells g
(+)
eff tends to its asymptotic value
given by Eq. (4) because in this limiting case the wave-
function penetration in barriers can be neglected.
The absolute value of g-factor approaches its maximum
in the vicinity of the anticrossing point of the lh1 and hh2
subbands. If we declared the mixed states (7) to be the
4TABLE I. Parameters used in the calculation of light hole g-
factor. In case of the alloys, the Luttinger parameters and the
κ constant are obtained by a linear interpolation of the cor-
responding values for GaAs and AlAs [21], and the parabolic
interpolation is applied to determine the valence band offsets.
Material γ1 γ2 γ3 γ¯ ∆Ev, meV κ
GaAs 6.98 2.06 2.93 2.58 – 1.2
Al0.3Ga0.7As6.01 1.69 2.48 2.16 140 0.87
Al0.5Ga0.5As5.37 1.44 2.17 1.88 255 0.66
AlAs 3.76 0.82 1.42 1.18 600 0.12
In0.53Ga0.47As13.7 5.42 6.31 5.95 354 4.63
InP 5 1.6 2 1.84 – 0.97
heavy-hole states as soon as |Cl|2 < |Ch|2 and light-hole
states if |Cl|2 > |Ch|2, then at the anticrossing point the
g-factors of the so-defined hole states would exhibit an
abrupt discontinuity and sign reversal.
Since the g-factors (9) are governed by the difference
of the unperturbed hh2 and lh1 energies which is ex-
tremely sensitive to the Luttinger parameters, even small
variations of these parameters can considerably alter the
dependence of g±eff on the well width.
III. RESONANT SPECTRA OF THE OPTICAL
TRANSMISSION AND REFLECTION
Despite the development of the numerous techniques
of the optical spectroscopy, experimental data on the g-
factors of light holes in QWs are scarce. In Refs. [28, 29]
the measured values of light hole g-factors are close to
unity. More detailed investigation of the g-factors of light
and heavy holes is performed in Refs. [9, 10] by differen-
tial magnetoabsorption and magnetotransmission tech-
niques. For the theoretical analysis of these effects let us
recall that, for a single-QW structure with one excitonic
resonance taken into account, the light reflection (R) and
transmission (T ) coefficients can be written as
R =
∣∣∣∣r01 + e2iθt01t10rQW1− r10rQW e2iθ
∣∣∣∣
2
≈ R0[1 + S0f(x,Φ)] ,(11)
T = n
∣∣∣∣ t01eiθ(1 + rQW )1− r10rQW e2iθ
∣∣∣∣
2
≈ T0 [1−Q0h(x)] ,
where
R0 = r
2
01 , T0 = n|t01|2 ,
r01 = −r10 = −n− 1
n+ 1
, t10 = nt01 =
2n
n+ 1
,
and rQW is the amplitude reflection coefficient from the
QW, θ is the phase shift due to the light propagation over
the distance between the external boundary “vacuum −
cap layer” and the QW center,
S0 =
8n
n2 − 1
Γ0
Γ
, Q0 =
2Γ0
Γ
,
f(x,Φ) =
sinΦ + x cosΦ
x2 + 1
, h(x) =
1
x2 + 1
,
x =
ω − ω0
Γ
, Φ = 2θ +
pi
2
.
Other notations are common: n is the refraction index
(we neglect the difference of its values in the well and
the barriers), ω0,Γ0 and Γ are the resonant frequency,
radiative and nonradiative excitonic dampings, respec-
tively. Note, that the parameter Γ describes, in fact, the
inhomogeneous broadening. Hereafter we assume that
Γ0 ≪ Γ and neglect terms quadratic in rQW . The trans-
mission coefficient T is defined as the ratio of the incident
radiative flux and the flux escaping through the cap layer
and the QW to the semi-infinite barrier.
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FIG. 2. (a) – (c) Transmission spectra P trcirc (solid curves)
and d lnT/d(2E) (dashed curves) through the structure with
100 A˚ In0.53Ga0.47As/GaAs QW. The panels are computed
for different strengths of heavy-light hole mixing at inter-
faces: tl−h = 0, 0.5 and 1, respectively. The nonradiative
broadening ~Γ = 5 meV. (d) – (f) Reflection spectra P refcirc
(solid curves) and d lnR/dE (dashed curves) from the struc-
ture with 80 A˚ GaAs/Al0.36Ga0.64As QW. The panels are
computed for tl−h = 0.1, 0.5 and 1. The nonradiative broad-
ening ~Γ = 5 meV, the phase Φ is a multiple of 2pi.
In Refs. [9, 10] the light-hole g-factor was experimen-
tally determined from measurements of the differential
spectra of circular magnetotransmission and magnetore-
flection defined as follows
P trcirc =
Tσ+ − Tσ−
Tσ+ + Tσ−
, P refcirc =
Rσ+ −Rσ−
R
, (12)
5where Tσ± and Rσ± are the spectrally dependent inten-
sity coefficients of transmission and reflection of the circu-
larly polarized light σ±, respectively, R = (Rσ++Rσ−)/2.
Replacing the resonant frequency ω0 in Eq. (11) by the
frequencies ω0,± = ω0 ±∆E/(2~), where ∆E is the Zee-
man splitting of the sublevels lh1, 1/2 and lh1,−1/2, we
obtain the relationship between the differential spectra
and the value of ∆E for the excitonic resonance lh1
P trcirc = −
∆E
2
d lnT (E)
dE
≈ −∆E
2T0
dT (E)
dE
, (13)
P refcirc = −
∆E
2
d lnR(E)
dE
≈ −∆E
R0
dR(E)
dE
,
where E = ~ω, T0 and R0 are the transmission and re-
flection coefficients in the absence of magnetic field. We
stress that these formulae are based on the assumption
of a single excitonic level in the region of excitonic res-
onance. However, in the region of anticrossing between
e1-lh1 and e1-hh2 excitons, caused by interface mixing
of heavy and light holes, optical spectra are determined
by two close resonances e1-Ψ+ and e1-Ψ− and, strictly
speaking, Eq. (13) is invalid. For this reason, we have
derived an expression for the differential reflection spec-
tra for a pair of closely-lying excitonic levels and present.
The result for two resonances reads
R = R0{1 + S0[|C+l |2f(x+,Φ) + |C−l |2f(x−,Φ)]} , (14)
where x± = (ω − ω0,±)/Γ. Here, for simplicity, we ne-
glect the difference between the reduced masses of e1-Ψ+
and e1-Ψ− excitons. Nonradiative decays Γ+ and Γ− are
considered to be equal. In the presence of magnetic field
one has
Rσ± = R0{1+S0[|C+l |2f(x+∓δ+,Φ)+|C−l |2f(x−∓δ−,Φ)]},
δ± =
g
(±)
eff µBBz
2~Γ
.
For the differential circular reflection one obtains
P refcirc =
Rσ+ −Rσ−
R0
= (15)
= −µBBz
~Γ
S0[|C+l |2g(+)eff f ′(x+,Φ) + |C−l |2g(−)eff f ′(x−,Φ)] ,
f ′(x,Φ) =
∂f(x,Φ)
∂x
= − (x
2 − 1) cosΦ + 2x sinΦ
(x2 + 1)2
.
Let us also present the expression for the relative differ-
ential reflection in the absence of magnetic field
1
R0
dR(~ω)
d(~ω)
=
S0
~Γ
[|C+l |2f ′(x+,Φ) + |C−l |2f ′(x−,Φ)] .
(16)
One can see that in the presence of two close resonances
the ratio of P refcirc and d lnR/dR is not a constant but
rather it is a function of frequency and may even change
its sign within the linewidth.
For the transmission spectra, the expressions analo-
gous to Eqs. (15) and (16) have the form
P trcirc =
Tσ+ − Tσ−
2T0
= (17)
=
µBBz
2~Γ
Q0[|C+l |2g(+)eff h′(x+) + |C−l |2g(−)eff h′(x−)] ,
1
T0
dT (~ω)
d(~ω)
= −Q0
~Γ
[|C+l |2h′(x+) + |C−l |2h′(x−)] ,
h′(x) = − 2x
(x2 + 1)2
.
Figure 2 presents spectra of the differential circular
transmission P trcirc, panels (a)–(c), and reflection P
ref
circ,
panels (d)–(f), calculated following Eqs. (17) and (15),
respectively. The parameters of calculations are given in
the figure caption. The reflectivity is calculated for the
system studied in the work [10] while the transmissiv-
ity is calculated for the system studied in the work [9].
For comparison, the dashed lines show the spectra of
d lnR/dE and d lnT/dE calculated from Eqs. (16) and
formula in Eq. (17). Let us emphasize that in the single-
resonance model the solid and dashed curves would be
geometrically similar. In the InGaAs/GaAs structure [9],
the heavy-hole hh2 and light-hole lh1 states are rather
distant in energy. Therefore, for moderate values of the
interface mixing parameter tl−h 6 0.5, panels (a) and
(b), the difference in behaviour of P trcirc and d ln T/d(2E)
is quite small. If the interface mixing is significant,
then as one can see in Fig. 2(), the spectra of P trcirc and
d lnT/d(2E) calculated for tl−h = 1 have different qual-
itative behaviour.
A particularly interesting situation is realized if the
lh1 and hh2 states are close in energy. This case is il-
lustrated in Fig. 3(d)–(f) representing the differential re-
flection spectra P refcirc calculated for the structure with
a 80 A˚ GaAs/AlGaAs quantum well. Even at small
strength of the interface mixing, tl−h = 0.1, see panel
(d), the spectral behaviours of P refcirc and d lnR/dE are
completely different. For example, let us consider the
system tuned to the resonance between the bare hh2 and
lh1 hole states so that Ehh2 = Elh1 and |C+l |2 = |C−l |2,
g
(+)
eff ≈ −g(−)eff . Moreover, let the system satisfy the con-
dition ω+ − ω− ≪ Γ. It follows then from Eq. (15) that
in this case the P refcirc spectrum is in fact described by the
second derivative f ′′(x,Φ) whereas d lnR/dE ∝ f ′(x,Φ).
Our estimations of the light hole g-factors noticeably
exceed those extracted from the experiments [9, 10]. A
detailed comparison between the developed theory and
the existing experimental data is out of the scope of the
6present paper because such a fitting requires the inclusion
of many free parameters and the better accuracy of mea-
surements. For a consistent description of experiments it
is first of all necessary to determine the exact energy po-
sitions of lh1 and hh2 states. The lh1-hh2 spacing is very
sensitive to the well width, barrier height and Luttinger
parameters which can lead to considerable variations of
geff values.
IV. ZEEMAN SPLITTING AT HIGH
MAGNETIC FIELDS
Giant values of the g-factor obtained in the previous
section by means of the perturbation theory indicate that
the Zeeman splitting of the light-hole spin sublevels can
deviate from the linear dependence already at moderate
magnetic fields. In this section we calculate the spin split-
ting beyond the linear approximation used in the deriva-
tion of Eqs. (2) and (9) but again assume the energy gap
between lh1 and hh2 states and the hole spin splitting
to be small as compared to the energy distances to other
levels.
Neglecting the interface mixing of the hole states
(tl-h = 0), the pair of states |hh2; 3/2〉, |lh1; 1/2〉 are
uncoupled from the pair |hh2;−3/2〉, |lh1;−1/2〉. In an
external magnetic field the effective Hamiltonian that de-
scribes the pair states is analogous to the 2×2 Hamil-
tonian of an electron in a two-dimensional system with
the spin-orbit splitting linear in the wavevector or to the
Hamiltonian of “massive” Dirac Fermions [23, 24]. De-
composing the hole wavefunction over the eigen functions
of a charged particle in the magnetic field [25–27], one
obtains for the Zeeman splitting
∆EZ =
E˜
2
−
√
E˜2
4
+ 6
~2
m0
∣∣∣〈hh2|γ3kˆz|lh1〉∣∣∣2 ~ωc . (18)
Here ωc = |e|B/m0c is the cyclotron frequency of a free
electron in the magnetic field, and the E˜ = Elh1−Ehh2−
(γ1 + 2γ2)~ωc. Equation (18) is derived assuming that
Elh1 > Ehh2, otherwise one should reverse the sign before
the square root in Eq. (18).
It follows from Eq. (18) that the spin splitting ∆EZ
is a sublinear function of the field. Of course, in the
limit of weak fields where |geff |µBB ≪ |Elh1 − Ehh2|,
the splitting is proportional to B and the light-hole g-
factor (18) reduces to Eq. (2). At high fields, where
|geff |µBB & |Elh1−Ehh2| but |∆EZ | is still smaller than
the distance to other hole subbands, the Zeeman splitting
is proportional to
√
B. Correspondingly, the dash-dot
line in Fig. 3 demonstrates a clear square-root asymp-
totics.
The allowance for the heavy-light mixing at interfaces
stabilizes the linear variation of ∆EZ with the magnetic
field. In Fig. 3 we compare the magnetic-field depen-
dence of the spin splitting depicted in the linear approx-
imation (dashed) with the result of numerical calcula-
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FIG. 3. Zeeman splitting of the light-hole subband lh1 in
GaAs/AlAs QWs for two different widths: a = 40 A˚ and
a = 50 A˚. Solid lines represent numerical calculations while
dashed lines represent the linear-in-magnetic-field approxi-
mation following Eq. (2). The interface hole mixing pa-
rameter tl-h = 0.5, the size quantized energies at zero field
are Elh1 = 111 meV, Ehh2 = 119 meV at a = 40 A˚ and
Elh1 = 82.9 meV, Ehh2 = 81.8 meV at a = 50 A˚. For com-
parison, dash-dot line shows the Zeeman splitting calculated
from Eq. (18) in the absence of interface mixing for the par-
ticular well width a = 50 A˚ at which the lh1 and hh2 hole
subbands almost touch each other at the Γ point.
tion performed beyond the this approximation. For il-
lustration we chose two widths of the GaAs/AlAs QW,
a = 40 A˚ and a = 50 A˚. At a = 40 A˚ the light hole
lh1 lies lower in energy than the heavy hole hh2 and the
Zeeman splitting is positive. For a = 50 A˚ QW, the rel-
ative energy positions of the hh2 and lh1 states reverse,
and the sign of Zeeman splitting changes respectively.
One can see from Fig. 3 that the linear interpolation
somewhat overestimates absolute values of the Zeeman
splitting.
V. CONCLUSION
We have demonstrated that the proximity of the lowest
light-hole (lh1) and first excited heavy-hole (hh2) sub-
bands is responsible for a giant contribution to the Zee-
man splitting of hole states. It is shown that both the
magnitude and the sign of hole effective g-factor are very
sensitive to the structure parameters, in particular, to the
quantum well width, barrier height and heavy-light hole
interface mixing parameter. We have analyzed the Zee-
man splitting of light holes in a wide range of magnetic
fields and derived equations for the differential magne-
toabsorption and magnetotransmission spectra with al-
lowance for the lh1-hh2 mixing.
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